Infection of cowpea protoplasts with alfalfa mosaic virus RNA was achieved by sedimenting protoplasts from o-5 M-mannitol and resuspending them in o'7 Mmannitol containing o.I N-potassium phosphate, pH 6.o, and Ioo#g/ml RNA. The osmotic shift-up employed during inoculation substantially enhanced the infection by virus RNA as well as by virus nucleoprotein.
Virus (3)
* Inoculation with unfractionated AMV RNA was done in o'I M-potassium phosphate, pH 6'0; inoculation with virus was done in o.ol M-potassium phosphate, pH 5'6. t Protoplasts were homogenized in I ml buffer and the homogenate was inoculated at several dilutions to bean leaves; average lesion numbers from seven half-leaves are given.
o °C in 0"5 M-D-mannitol, containing o.or M-potassium phosphate, pH 5"6, t #g/ml poly-L-ornithine and 3/zg/ml virus (Alblas & Bol, I977) . No infection was obtained, however, when the virus in this inoculum was replaced with AMV RNA at a concentration of 50/~g/ ml. Attempts to inoculate cowpea protoplasts with RNA in o-I M-potassium phosphate pH 6.o, as described by Beier & Bruening 0976) were more successful. Table I shows the results of a number of experiments designed to find the best inoculation conditions. Experiment I shows that in our hands inoculation at o °C is much more effective than inoculation at IO or 25 °C. Increasing the RNA concentration in the inoculum results in a concomitant enhancement of infection of the protoplasts (experiment 2). Poly-L-ornithine, which is required for infection with many virus nucleoproteins (cf. Takebe, I975), has no influence on the infection of cowpea protoplasts with AMV RNA (experiment 3); the small differences in lesion numbers seen in this experiment were not obtained reproducibly. This result is somewhat different from the observation of Beier & Bruening (I976) that certain polycations stimulate the infection of cowpea protoplasts by cowpea mosaic virus RNA. Poly-L-ornithine is also reported to promote the infection of tobacco protoplasts by RNA of tobacco mosaic virus (Aoki & Takebe, I969) and of cowpea chlorotic mottle virus (Motoyoshi et al. I973) , and was consequently used for the inoculation of tobacco protoplasts with RNA of brome mosaic virus (BMV; Motoyoshi et al. I974 ) and of pea enation mosaic virus (Motoyoshi & Hull, I974) .
It was shown by Okuno & Furusawa (I978) that an osmotic shift-up during inoculation stimulated the infection of barley protoplasts with BMV. To see if such a shift-up was also effective on cowpea protoplasts, we performed the inoculation in o'7 M-D-mannitol instead of o'5 M-D-mannitol. Isolation, pre-inoculation washing and post-inoculation incubation of * Final concentration in the inoculum was: total RNA, l oo #g/ml; RNA 4, 50 #g/ml; RNA I, 2, 3, 5o #g/ml; coat protein, 5o/zg/ml; bottom component (B), 67 #g/ml. Prior to inoculation, the mixture of RNA I, 2, 3 and B was incubated for 6 h at 4 °C in o'7 M-D-mannitol.
"j" Preparations in o.oI M-potassium phosphate, pH 7"0, without mannitol were inoculated to bean leaves; average lesion numbers from seven half-leaves are given.
:~ Forty hours after inoculation, protoplasts were homogenized in I ml buffer and the homogenates were inoculated to bean leaves. Average lesion numbers from seven half-leaves are given.
protoplasts were done in 0. 5 M-D-mannitol as usual. Table I shows that the osmotic shift-up considerably enhances infection of cowpea protoplasts when inoculated either with AMV RNA (experiment 4) or with AMV particles (experiment 5). In subsequent experiments, protoplasts were inoculated with AMV RNA at o °C in a solution containing o'7 M-Dmannitol and o.I M-potassium-phosphate, pH 6.o.
From the observation that, for a proper infectivity assay, a higher dilution of the protoplast homogenate is required in experiment 5 compared to experiment 4 (Table I) , it can be estimated that inoculation of protoplasts with AMV RNA is at least ten times less effective than inoculation with AMV particles. The number of infected cells could not be estimated as our attempts to prepare fluorescent antibodies in adequate titre were largely unsuccessful (Alblas & Bol, 1977) . The numbers of lesions obtained are, however, sufficient to study the requirement for RNA 4 or coat protein in the inoculum. Bean leaves, as well as protoplasts, were inoculated with preparations of purified RNA and protein, the former to check the purity of preparations and the latter to assay for biological activity towards protoplasts. The inoculated protoplasts were assayed for infectivity after an incubation of 4o h. Table 2 , experiment I, shows that the biological activity of the purified genomic RNA species (RNA I, 2 and 3) and RNA 4 towards bean leaves and protoplasts is the same; virus is produced only when RNA 4 is added to the genomic RNA species. As it is assumed that the inoculated RNA 4 is translated into coat protein and that it is this protein that activates the genome (BoI et al. I97I) one may expect that for infection of protoplasts coat protein can substitute for RNA 4 in the inoculum. This expectation is confirmed in experiment 2 (Table 2) , which shows that a mixture of RNA I, 2 and 3 becomes infectious towards protoplasts when supplemented either with RNA 4 or coat protein. In the latter inoculum, about 40 protein subunits were added per RNA molecule. Probably, at least a part of this protein will associate with the sites on the virus RNA molecules with a high affinity for coat protein before the molecules are taken up by the protoplasts (Van VlotenDoting & Jaspars, I972). Apparently, the nucleoprotein complex thus obtained is infectious Short communications to protoplasts in o-I M-potassium phosphate, pH 6.o, although infection with intact virus particles does not occur in this buffer (our unpublished result).
When AMV particles and RNA are mixed, the RNA molecules withdraw protein subunits from the particles (Van Vloten-Doting & Jaspars, I972). In agreement with this, experiment 2 of Table 2 shows that a pre-incubation with B-particles renders a mixture of the genomic RNA species infectious to protoplasts.
The protoplast system differs from the intact plant in two respects, namely, the lack of a cell wall and the absence of virus spread from cell to cell. The finding that coat protein is required for infection of protoplasts as it is for intact plants, indicates that its function in the initiation of infection is not related to either of these two features. The possibility of inoculating cowpea protoplasts synchronously or stepwise with the different molecular species necessary for AMV infection offers a system that is suitable for the in vivo study of the regulatory role of the coat protein in virus replication.
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